Introduction
The metabolic state of the ocean is defined as the balance between in situ gross primary production (GPP) and total respiration (R); a system is autotrophic if it produces more organic matter than it consumes, and heterotrophic if organic matter consumption exceeds in situ production. Assessing whether the ocean, from the local to the global scale, is heterotrophic or autotrophic still remains a burning issue. Contrasting conclusions are achieved depending on the approach used: 1) regional budgets of nutrient salts (e.g., Álvarez et al. 2002) or organic matter (e.g., Hansell et al. 2004a) versus 2) extrapolation of in vitro net community production (NCP) estimates relying on empirical relationships between GPP (Williams 1998) or net primary production (del Giorgio et al. 1997 ) and total (Duarte and Agustí 1998; Williams 1998) or bacterial (del Giorgio et al. 1997 ) R. Results from the empirical relationships between in vitro GPP and R in oligotrophic waters by the oxygen light/dark incubation method range from net heterotrophy (del Giorgio et al. 1997; Duarte and Agustí 1998) to metabolic balance (Williams 1998) . In this sense, there is ongoing discussion about the suitability of the field data (Williams 1998) , the data processing (Duarte et al. 1998) , the decoupling between GPP and R, the plankton community structure (Serret et al. 2001 ) and the intermittent nature of GPP on the in vitro approaches. NCP estimates based on the seasonal changes of inorganic carbon, nutrient salts, and dissolved oxygen in the euphotic layer or integrating sediment trap data suggest that the upper ocean is autotrophic, producing organic matter that is exported downwards.
More research is needed to discern whether mass balance and in vitro NCP estimates are comparable; specifically whether 1) in vitro estimates are representative for the same temporal and spatial scales than mass balance estimates; and 2) allochthonous input of organic matter from the coastal margins and the atmosphere or the photochemical production of labile DOM from deep DOM transported into the upper ocean could account for the differences between the two approaches.
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Along with light, nitrogen, N, is the main factor limiting the primary and export production in the oceans. The biological pump removes reduced N from the euphotic zone, which is oxidized to nitrate at deeper levels and transported back by upwelling and turbulent mixing.
Other sources of N to the euphotic zone are wet and dry deposition of combined N from the atmosphere, riverine inputs, and atmospheric N 2 fixation by marine diazotrophs. The latter was previously considered a negligible process but it is now a subject of intense debate and it has been proposed to balance the N budget in the ocean (Gruber 2005 and references therein).
The organisms responsible for N 2 fixation are taxonomically, physiologically, and ecologically diverse, including, bacteria (phototrophs, heterotrophs, chemolithotroph); heterocystous and non-heterocystous cyanobacteria and Archeae (see the review by Karl et al. 2002) . Much of the oceanic research about N 2 fixation has been focused on the relatively conspicuous, non-heterocystous, filamentous cyanobacterium Trichodesmium (Capone et al. 2005 ) but other N 2 fixing organisms could substantially contribute to the N budget (Zehr et al. 2000) . N 2 fixation depends on the expression of the enzyme system nitrogenase, which synthesis and expression are ultimately determined by a range of physiological and ecological variables such as oxygen concentration, availability of enzyme cofactors (Fe and Mo), sufficient supply of energy, etc. (Karl et al. 2002 and references therein) . N 2 fixation is neither temporally nor spatially uniform. Therefore, as for many processes in oceanography, it suffers from undersampling because of its occurrence as stochastic and heterogeneous blooms that are difficult to detect or model. Additionally, all species with the genetic potential for N 2 fixation have not already been identified. The difficulty to obtain statistically scaled data bases has led to a clear underestimation of N 2 fixation in much of the recent research . In that review, the relevance of diazotrophic production as a source of new N in the subtropical gyres of the North Atlantic and North Pacific is highlighted, being much higher that previously estimated.
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This source of new N will support net production and export of organic matter from the euphotic zone, with a direct effect on the carbon cycle. This fact leads to relevant consequences in relation to the N 2 fixation-climate feedback hypothesis proposed by Michaels et al. (2001) : N 2 fixation affects the concentration of the green house gas CO 2 in the atmosphere on time scales of decades to millennia; CO 2 influences climate and, in turn, climate controls the supply of Fe in dust to the ocean and the stratification of the upper ocean.
The most recent and comprehensive compilation of direct and indirect estimates of N 2 fixation in the North Atlantic is given in Capone et al. (2005) . They arrived at a N 2 fixation rate in the Atlantic between 2 and 9 10 12 mol N yr -1 reconciling isotopic budgets, direct N 2 fixation rates extrapolated and several indirect geochemical estimates except for that given by Hansell et al. (2004b) .
Here we evaluate the mass balances of carbon and nitrogen in a box closing the boundary current system of the Eastern North Atlantic with the aim of evaluating the metabolic status of the region. The results presented here complement the work by Álvarez et al. (2005, hereinafter APSB) on the role the region as an anthropogenic carbon sink.
Material and methods
The data set and the methods used here are common to APSB. Therefore, only the most relevant and new aspects will be highlighted; we refer the reader to APSB for a thorough description of the data set and velocity field methodology.
A three sided box was created around the Strait of Gibraltar (Fig. 1 ). Hydrographic and chemical data from three WOCE cruises undertaken in 1997 and 1998 were used to create the named MedBox 98. Details about the analytical methods and quality control are given in the corresponding cruise report and related works (see Table 1 in APSB).
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The estimation of the velocity field is a crucial step to obtain reliable mass and chemical transports. We refer again to APSB for a thorough explanation. Briefly, the velocity field is approximated geostrophically using a reference level at σ 3 = 41.49, nearly equivalent to 3,200 dbar. From this initial velocity field, an inverse model is run: an underdetermined system of linear equations is solved to satisfy some constraints and resolved by singular value decomposition. The model constraints are: i) mass conservation for the whole water column; ii) mass salt and heat conservation for six deep layers below 2,500 dbar; and iii) no deep water formation within the MedBox. In order to get a better estimation of the N riverine input, we combined river discharges from Baumgartner and Reichel (1975) , was estimated by Seiter et al. (2005) . Using the mean C:N ratio of 10 in surface sediments of the region given by Meggers et al. (2002) , we estimate that 0.007 kmol s -1 of organic N is buried in the MedBox. Atmospheric inputs of organic N, especially DON, have been suggested to be an important term in the global N budget (Prospero et al. 1996) . These authors estimated of NO 3 within the MedBox (Fig. 2a, b) . Consequently, an excess of 13 ± 7 kmol s ( 2) where NCP NH4 is the NCP of ammonium, NCP N2 the NCP of N 2 , and NCP NO2 the NCP of nitrite.
We assume that the nitrite and ammonium contribution to TA P in this region is negligible. The only missing term in Eq. 2 is NCP TA , which can be calculated with Eq. 1 for TA.
The atmospheric input of TA due to the air-sea exchange of CO 2 is zero; other TA exchanges across this interface are acid rain and calcite deposition by the Saharan dust. They decrease and increase, respectively the TA budget within the MedBox. However, no estimates are available and we assume they are negligible and/or compensated. ) and organic matter originated from N 2 fixation (assumed to be 13 ± 7 kmol s We then proceed with the TIC budget (Fig. 2c) . Given these data, the NCP of organic carbon within the MedBox is -69 ± 20 kmol s -1 (Fig. 2d) .
The production of inorganic carbon (73 ± 33 kmol s , which is practically zero within reasonable error bars. Therefore, we conclude that the carbon budget within the MedBox is balanced (Fig. 2c,d ).
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Discussion N 2 fixation. The NO 3 transport across the MedBox walls is under the large uncertainties expected for any mass balance across an oceanic section. In the particular case of the MedBox, the uncertainties are due to the mass transport across the walls (synoptic assumption, seasonality, error in the inverse model constraints, etc.) and the NO 3 concentrations (seasonality, steady state assumption in the budget, etc.) along the walls. The same uncertainties are applicable to the Strait of Gibraltar. The river input and air-sea NO 3 deposition are one order of magnitude lower than the transports, so they are less influential in calculating the NCP of NO 3. The estimated NCP of NO 3 coming from the regeneration of organic N produced by N 2 fixers mainly relies on the difference between the NO 3 and organic N transports across the MedBox walls and Strait of Gibraltar. Consequently, the N 2 fixation rate obtained in this work should be taken with caution.
The net rate of N 2 fixation for the MedBox area (13 ± 7 kmol s Environmental conditions for the development of N 2 fixing organisms seem to be positive within the MedBox. In addition, geochemical evidences (low 15 N signal in particulate organic matter and high nitrate to phosphate ratios) also point to the occurrence of N 2 fixation, although the abundance of Trichodesmium could be relatively low (Tyrrell et al. 2003) or very sporadic.
Consequently, other N 2 fixing organisms may be mainly responsible for the inferred rate of N 2 fixation within the MedBox (Zehr et al. 2000) . Clearly, more widespread and interdisciplinary research about marine N 2 fixation is needed. by Arístegui et al. (2002) , based on a compilation of world ocean AOU and DOC data in the 100 to 1000 m depth range but it is consistent with the high DOC consumption rates obtained in areas of intermediate and deep water formation (Hansell and Carlson 1998) .
Using an area-weighted mean primary production (PP) for the North East Atlantic (NASE) and Canary Island upwelling system (CNRY) regions (Longhurst et al. 1995) , we obtain an average PP of 1000±200 kmol C s In order to estimate the plankton community respiration (R), we applied the empirical equations relating PP and R by Williams (1998) and Duarte and Agustí (1998) given in Duarte et al. (2001) , representative for the subtropical Northeast Atlantic, is also evaluated. Table 1 shows the estimated R and the resulting carbon deficit (R -PP) in the photic layer of the MedBox. Slight autotrophy is only obtained following Williams (1998) ; the other approximations yield heterotrophy, especially the general equation by Duarte and Agustí (1998) .
The estimations for open ocean waters by Duarte and Agustí (1998) (Duarte et al. 2001) .
We can perform a budget for the respiration minus organic matter production in the whole water column of our study region in the same way as del Giorgio and Duarte (2002) , is one order of magnitude lower than direct or empirical estimates from in vitro experiments in the euphotic layer of the region. Even more, considering the whole water column, in vitroderived estimates are two orders of magnitude higher than our estimate. Three possibilities arise: a) the mass balance approach integrates wider temporal and spatial scales while in vitro experiments reflect daily instant and local conditions and the intermittent nature of the ocean, so both approaches cannot be compared; b) the mass balance approach is not taking into account a 19 source of allochthonous labile organic carbon from the atmosphere as suggested in a recent work by Dachs et al. (2005) ; c) the disagreement between mass balance and in vitro NCP estimates could be reduced if instantaneous measurements are scaled according to the community structure (Serret et al. 2001) . 
